Introduction
Various articular symptoms develop in relation to longterm, intermittent dialysis as a treatment of terminal renal failure.
There are four clinical features related to this type of therapy: crystal-related arthritis, carpal tunnel syndrome, chronic arthropathy, destructive arthropathy.
Chronic arthropathy is reported more frequently and is characterized by joint pain. The shoulder is predominantly involved. In this joint sonography showed thickening of rotator cuff due to deposition of amyloid [1] .
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Materials and methods
Real-time sonography of the shoulders, hips and knees was performed in 33 patients receiving chronic haemodialysis as a treatment of terminal renal failure. All sonographic exams were carried out by two different operators using a 7.5 MHz linear transducer for the study of the knee and shoulder and a 3.5 MHz linear probe for the hip.
The patients were 19 males and 14 females. Their mean age was 46.8 years (range 20-75 years) and the mean disease duration was 7.3years (range 0.5-27 years). Ten of them had rejection of renal transplant. Criteria for the clinical diagnosis of dialysis-related amyloidosis were: flexor tenosynovitis of the hand with diminished extension of the fingers, signs or symptoms [11, 12] . A total of 40 healthy subjects were studied for comparison (23 males and 17 females; mean age 43.3 years; range 34-57 years).
In each joint many scans were carried out to examine and evaluate the various articular and periarticular structures (Table 1 ). In the 66 shoulders tendons were examined, evaluating changes of their sonographic appearance, alterations of their margins, modifications of their thickness and the presence of peritendinous fluid collection; sonographic signs of bursitis were searched for; then the two different operators measured the thickness of the rotator cuff and the distance between the capsule and bone in transascellar scan, searching for the presence of intracapsular effusion [13] .
In the 66 hips the distance between the capsule and bone was measured revealing the presence of joint effusion or synovitis [14] . Capsular thickening, irregularity of bone surface of femoral head or neck and the presence of bursitis were searched for.
In the 66 knees the thickness of synovial membrane measured in suprapatellar recess (mean value between longitudinal and transverse scans), and the thickness of articular condylar cartilage, were measured. The presence of joint effusion and of Baker's cysts were evaluated. Articular cartilage was measured according to Aisen's technique [15, 16] : In each knee six measurements were taken just above the superior margin of the patella (two laterally, two medially and two centrally). Then the mean value of each couple of results was calculated and the same measurements and calculations were repeated 2 cm above the patella.
Patients were divided into three groups according to the duration of haemodialysis treatment (Table 2 ): In group A the duration was less than 4 years (12 subjects), in group B it was between 4 and 10 years (12 subjects) and in group C it was more than 10 years (9 subjects).
Statistical analysis was applied to evaluate the differences between haemodialysis patients and normal subjects. The Student's t-test was used to evaluate the thickness of rotator cuff, the distance between capsule and 891. bone in the shoulder and hip, and the thickness of synovial membrane and articular condylar cartilage in the knee. Table 3 reports results obtained by sonographic examination of the shoulder. Sonography showed signs of tenosynovitis in 16 shoulders. Changes involved predominantly the biceps tendon with the presence of fluid peritendinous collection in all cases; in 5 of them even alterations of sonographic structure of the tendon were found. In 6 of the 16 cases with tenosynovitis articular effusion was also present. It is possible that in those cases a communication between tendon sheath and the joint was present. In the shoulder bursitis was shown in 30.3 % of cases. Coracobrachial bursa was involved in 7 cases (10.6 %) and subacromialis bursa in 13 (19.7 %) . In 4 of the 13 shoulders with subacromialis bursitis, joint effusion was present at the same time. Even in those cases a communication between bursa and articular cav- An increasing number of lesions were observed according to dialytic age: In group A an average of 5.3 + 3.5 changes were present, in group B 7.1 + 3.7 and in group C 7.9 + 2.7 ( Table 2) .
Results
The difference in measurements between the two observers averaged 0. ity was likely present. The thickness of rotator cuff was measured performing anterior scans beneath the acromion. Significant thickening (p < 0.005) was demonstrated confirming data reported by other authors [1] . The mean distance between capsule and bone surface in transascellar scan was significantly increased (p < 0.005) in the joints of haemodialysis patients with respect to normal joints, showing the presence of joint effusion [8] . The maximum value found was of 7 mm. Table 4 reports results obtained by the study of the hip. The mean distance between joint capsule and bone surface was significantly increased in joints of haemodialysis patients in comparison with normal joints (p < 0.0001). This might be caused either by synovial hypertrophy or intra-articular effusion [15] or deposition of/3-2 amyloid [1] . In addition to the measurement of the bone-capsule distance, it is important to evaluate even the sonographic appearance of articular space: When effusion is present, articular space between cap-
Discussion
The present study showed the usefulness of sonography in the evaluation of changes due to chronic arthropathy of haemodialysis. In all three joints examined alterations were found. Particularly in 118 of 198 joints studied (59.6 %) changes were present: Sonography showed alterations in 60 shoulders, 16 hips and 42 knees. The shoulder was the joint most frequently involved and changes were present mainly in tendons and bursae. The prevalent involvement of the shoulder has already been reported and it could be caused by local factors [17] , vascular changes or the presence of many anatomical structures in this area (tendons, sheaths, bursae, articular structures). Opposite results were obtained in the hip and the knee where periarticular soft tissues were rarely involved and changes were present mainly in the articular structures.
In the knee different results were obtained with respect to previous reports [18] , the present study showing effusion only in 14 of the 66 joints examined. Moreover, hypertrophy of synovial membrane was demonstrated in 20 cases, and this finding has never been reported in the literature before. Only in 2 patients (6.1%) did sonography not show any alteration; one of them had received dialytic treatment for 2 years and the other one for 9 years.
The wrist was not examined in the present study because 24 patients of 33 evaluated had received a surgical operation (9 of which bilaterally) for the presence of carpal tunnel syndrome [19] .
Thickening of rotator cuff was confirmed [11] and this finding represents a further demonstration of the presence of amyloidosis in dialysis patients. The frequent finding of articular effusion shows the presence of inflammation in the joints of patients receiving chronic haemodialysis.
Pathogenesis of chronic dialysis-related arthropathy is considered to be multifactorial [20, 21] . The presence of fluid collection in tendons sheaths, bursae and articular space has been considered to be due to deposition of /3-2 microglobulin, and this finding has been confirmed by postmortem studies [20] . The present study shows many cases of articular effusion in subjects with a short duration of haemodialytic treatment, the appearance of clinical symptoms of inflammation which disappear after corticosteroid therapy and sonographic demonstration of synovial membrane hypertrophy. Those findings suggest the presence of other important pathogenetic mechanisms.
Surely local factors such as changes of extracellular matrix composition, like crosslinking of collagen [17, 22] , may be the cause of the frequent involvement of some structures in musculoskeletal apparatus. It is even possible that inflammatory mechanism is involved which may be the cause of synovial hypertrophy and consequent articular effusion.
Some authors suggest the intervention of a crystal-related inflammation due to the presence of hydroxyapatite and these data are confirmed by the good results obtained by treatment with colchicine [21] ; nevertheless, in most cases crystals were never found. Recently, production of IL-6 by peripheral blood mononuclear ceils stimulated by/32-microglobulin was demonstrated [23] . Particularly the/32-microglobulin modified with advanced glycation end products is a major component in amyloid deposits and participates in the pathogenesis of haemodialysis-related amyloidosis as loci where monocyte and macrophage increase the secretion of IL-1/3, TNF-a [22] and IL-6 [26] . In this way an inflammatory response begins and leads to bone and joint destruction.
The presence of an inflammatory component in the pathogenesis of dialysis-related arthropathy with production of cytokines may justify even the significant reduction in the thickness of articular femoral cartilage, the important role of cytokines in the pathogenesis of cartilaginous damage in the course of chronic arthritis being known.
It is also possible that in the pathogenesis of inflammation, even an immune-complexes pathology is present, because many patients had an autoimmune disease with renal damage, whereas other subjects had had a rejection after renal transplantation with the intervention of autoimmune mechanisms.
Sonography showed changes in 118 of the 198 joints examined (59.6%), whereas clinical examination revealed alterations only in 69 joints (34.8 %). These data confirm the importance of sonography, 41.5 % of the joints already d a m a g e d being symptomless. These findings m a y be useful to begin an early treatment. In fact, early detection of articular and periarticular alterations can surely indicate the most suitable t r e a t m e n t which tries to prevent the establishment of further changes. M o r e o v e r , in monoarticular involvement local intra-articular therapy m a y be indicated.
Dialysis duration seemed to be the most i m p o r t a n t factor in the d e v e l o p m e n t of chronic a r t h r o p a t h y [25] , particularly for results obtained in the m e a s u r e m e n t of the distance b e t w e e n capsule and b o n e in the shoulder and hip. The study s h o w e d an increase in anatomical structures involved when the dialysis duration increased ( Table 2) ; however, for the low n u m b e r of cases examined differences were not statistically significant. M o r eover, it was not possible to reveal any relationship between articular involvement and the dialysis m e m b r a n e used [26] , because in most parts of patients the dialysis duration was too long.
For the same reason it was not possible to establish any relationship b e t w e e n the presence of joint changes and the cause of haemodialysis treatment. N o significant relationship was f o u n d with respect to the gender and age of the patients.
The present study s h o w e d that s o n o g r a p h y is a useful and i m p o r t a n t diagnostic m e t h o d in the detection and monitoring of dialysis-related arthropathy. Its noninvasiveness, repeatability and low cost surely justifies a widespread application of this technique.
